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The determination of kidney size is important in clinical field, because it can facilitate to
make decisions on the management strategy.
1 Of several indexes of kidney size, kidney
length was traditionally used because it can conveniently be measured using
ultrasonography (US). However, considering the complexity of the kidney shape, kidney
length can not appropriately represent kidney mass. Additionally, kidney length, as
measured by US, is prone to interobserver variability and poor repeatability.
2
Kidney volume is a more sensitive index of kidney size than kidney length for the
detection of renal abnormalities.
3 It is also excellent predictor of renal function and
correlates very well with body indexes.
4 Furthermore, pre-transplant kidney volume is an
independent determinant of the prognosis of the graft kidney.
5 Kidney volume can be
measured by US, but it needs calculation using ellipsoid formulae of three-dimensional
value of the kidney.
3 Moreover, the calculation using ellipsoid formulae tends to under-
estimate kidney volume.
6
With development of more elaborate imaging methods such as magnetic resonance
imaging (MRI) and multi-detector computed tomography (MDCT), measurement of the
mass or organ volume has become feasible. The MDCT which generates 3-D recon-
struction images is particularly accurate in measurement of organ volume.
7,8
In this study, we estimated the normal kidney volume of healthy young Korean men by using
MDCT and evaluated its predictability of renal function and relationship with body indexes.
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Purpose: Kidney volume is regarded as the most precise indicator of kidney size. However, it is not widely used clinically,
because its measurement is difficult due to the complex kidney shape. We attempted to evaluate the normal kidney volume
in young Korean men by using multi-detector computed tomography (MDCT). Materials and Methods: We retrospectively
reviewed MDCT data of young Korean men (113 patients). After data processing, we measured the volume and length of
the kidneys. Body parameters (height, body weight, body-surface area, and total body water) and laboratory data were
collected. Glomerular filtration rate (GFR) was calculated using Cockcroft-Gault (CG) equation. Results: The mean kidney
volume was 205.29 ± 36.81 cm
3; and mean kidney length was 10.80 ± 0.69 cm. The former correlated significantly with
height, body weight, body-surface area, and total body water (p < 0.05, correlation coefficient : γ = 0.328, 0.649, 0.640, and
0.638, respectively). The latter also correlated significantly with all body indexes, however the correlation was weaker,
except with height (p < 0.05, correlation coefficient : γ = 0.457, 0.473, 0.505, and 0.503, respectively). Only kidney volume
significantly predicted estimated GFR (adjusted R
2 = 0.431, F = 85.90 and p < 0.05). Conclusion: The kidney volume
measured with MDCT is correlated well with body parameters, and is useful to predict renal function.
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We retrospectively reviewed the abdominal CT scans of 113
young Korean male patients who had visited the Armed Forces
Yang-Ju Hospital between February 2005 and December 2007.
The patient population comprised outpatients and inpatients
that required CT examination due to common clinical indica-
tions such as weight loss, unexplained abdominal pain, unresolv-
ed nausea, and abdominal trauma. We also reviewed the
medical records and laboratory findings of the patients and the
radiologist’s report for each CT examination. The exclusion
criteria were as follows: 1) underlying diseases such as diabetes
mellitus or hypertension, 2) any abnormal findings on CT
examination that could affect kidney volume, including
intrarenal diseases such as renal cysts, hydronephrosis, and
single kidney, and 3) abnormal laboratory findings. Based on
these selection criteria, we recruited 113 subjects. This study
was approved by the ethics board of our institution. 
CT and assessment of kidney size
This study was performed using a 4-slice helical CT scanner
(GE Medical Systems, Milwaukee, WI, USA). Images were
obtained prior to and after the administration of 150 mL of
iodinated contrast media during the parenchymal phases of
enhancement. The kidney size was measured using GE
Advantage Windows Workstation (version 4.2; General Electric
Medical Systems, Milwaukee, WI, USA), and kidney length
was measured using coronal sections. We calculated the
maximum kidney length from all coronal sections. The kidney
volume was measured from contiguous slices. In coronal section
images with parenchymal enhancement, the region of interest
was drawn around the kidney, and the slices were reconstructed
at 1-mm intervals to obtain a 3-D volume-rendered image of the
kidney. The volume was calculated by multiplying the sum of
areas from each slice by the reconstruction interval at the
workstation. 
Body index and renal function assessment
We used data on the patients’ heights and weights, as registered
in medical records, to deduce the body parameters. Height and
weight were measured by automatic height/weight measurement
system (DONG SAN JENIX Inc, Seoul, Korea) during regular
physical check-up. Body-surface area (BSA) and total body
water (TBW) were calculated using the following formulae.
9,10
BSA(m
2) =  
height (cm) x weight (kg)    1/2
3600
TBW (liters) of males = 2.447 + 0.3362 ×weight (kg) + 
0.1074 ×height (cm) - 0.09516 ×age (year)    
As the surrogate of renal function of the subjects, we
estimated the glomerular filtration rate (GFR) by using the
Cockcroft-Gault (CG) equation.
11 The equation used was as
follows:
Cockcroft-Gault (CG): CrCl ×BSA/1.73 m
2
CrCl = (140-age) ×(weight (kg)) ×[0.85 if female]/ 
(72 ×Serum creatinine (mg/dL))
CG-GFR estimate
12 : GFR = 0.84 ×CrCl by CG equation
Statistical analysis
The results are presented as mean ± SD. We used the indepen-
dent- samples t-test to compare the means between Lt. and Rt.
kidneys and used Pearson’s correlation coefficient to evaluate
the relationship between the parameters. To predict renal
function based on the renal length and volume, multiple linear
regression analysis was performed. The results were considered
significant when the p value was below 0.05. Statistical analysis
was performed using the Statistical Package for the Social
Sciences (SPSS) version 11.5 (SPSS Inc., Chicago, IL, USA).
All 113 patients in this study were young Korean men. The
mean age of the patients was 21.99 years (19-38 years). Their
mean height was 173.75 cm (163-186 cm), mean body weight,
69.65 kg (53-106 kg), mean BSA, 1.83 m
2 (1.58-2.29 m
2), and
TBW, 42.32 L (36.42-55.2 L) (Table 1).
The mean kidney volume was 205.15 cm
2 (138.53-359.6
cm
2). The left kidney was significantly (p < 0.05) larger than
the right kidney, and they were highly correlated (correlation
coefficient : r = 0.874, p < 0.05). The mean kidney length was
108.02 cm (9.09-12.49 cm). The left kidney was also signi-
ficantly (p < 0.05) longer than the right kidney. The kidney
length and kidney volume were highly correlated reciprocally (r
= 0.671, p < 0.05) (Fig. 1). The mean value of CG-GFR was
104.90 mL/min (60.99-216.38) (Table 2).
The mean length and volume of both kidneys were signifi-
cantly correlated with height, weight, BSA, and TBW. The
correlation coefficients (r) of the mean kidney volume with the
height, weight, BSA, and TBW were 0.328, 0.649, 0.640, and
0.683, respectively (p < 0.05), and those of the mean kidney
length were 0.457, 0.473, 0.505, and 0.503, respectively (p <
0.05). The correlation of kidney volume with weight, BSA and
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MATERIALS AND METHODS
RESULTS
{}
Table 1.Charateristics of Subjects
Mean ± SD
Age (yrs) 21.99 ± 3.888
Height (cm) 173.75 ± 5.136
Weight (kg) 69.65 ± 9.76
BSA (m
2) 1.83 ± 0.143
TBW (L) 42.43 ± 3.61
CG-GFR (mL/min/1.73 m
2) 104.90 ± 29.29
BSA, body surface area; TBW, total body water; CG-GFR, Cockcroft-Gault-
glomerular filtration rate. TBW was relatively higher, while the correlation coefficient of
the kidney length with height was higher. Using linear
regression, we found kidney volume to be a good predictor of
CG-GFR estimate (adjusted R
2 = 0.431, F = 85.90 and p < 0.05)
(Fig. 2). However, kidney length was not a significant predictor
of CG-GFR. However CG-GFR was best predicted by the
following equation : CG-GFR = -2.979 + 0.525 × kidney
volume. 
Our present results present the normal kidney volume measured
with MDCT in young Korean men. We also demonstrated that
kidney volume is a better indicator of body parameters and
predictor of renal function than kidney length, thus suggesting
that kidney volume is more useful than kidney length in clinical
field. 
In this study, the mean kidney volume was 205.29 ± 36.81
cm
3 in young Korean men. A few studies measured normal
kidney volume by various imaging tools including MDCT.
13,14
However, all of these studies have been performed in the
Western population. Normal body parameters, including organ
size, show racial variations. Hence, it is not rational to extra-
polate the normal kidney volume data of Western adult popu-
lation to Korean population. 
It has been conclusively proven that age and gender are
independent determining factors of renal size. Previous studies
showed that the kidney becomes shorter and thicker with age,
15
and that no significant age-related changes occurs in the kidney
length until the 60s, but its size significantly decreases after the
70s.
16 Thus, it is not reasonable to include various age groups
and both genders when evaluating the normal kidney size. 
In South Korea, military service is compulsory for all healthy
young men, therefore the army population reflects the general
population. Consequently, the results of this study might
represent the kidney volume of young Korean men. Further-
more, the study population comprised subjects of only one
gender with relatively less age variation. This enabled the age-
and gender-independent evaluation of normal kidney volume
and its relationship to body parameters and renal function.
In this study, mean kidney length measured with MDCT was
10.8 ± 0.69 cm in young Korean men. It was reported that the
mean value of actual length of the left kidney in Korean men is
11.15 ± 1.02 cm,
17 which is slightly longer than that observed in
this study. However, that of the right and left kidneys, as
measured on coronal CT sections, was 10.3 ± 0.7 cm and 10.7
± 0.9 cm, respectively,
17 which is slightly shorter than that
observed in this study. According to an another study, the mean
kidney length in Korean men measured using US was 10.71 ±
0.74 cm.
16 It is very difficult in practice to calculate the longest
axis of the kidney by using imaging tools such as US or CT.
Therefore, we cannot exclude the possibility that the kidney
Ho Sik Shin, et al.
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Table 3. Correlation Coefficients (r) between Body Parameters, 
GFR and Kidney Size
Body Mean kidney 
pvalue
Mean kidney 
pvalue parameter length volume
Height 0.457 0.328
Weight 0.473 < 0.05 0.638 < 0.05
BSA 0.505 0.640
TBW 0.503 0.638
GFR, glomerular filtration rate; BSA, body surface area; TBW, total body water
Table 2. Mean Value of Kidney Length and Volume According 
to Position
Length (cm) Volume (cm
3)
Lt. Kidney  10.90 ± 0.72* 207.32 ± 37.50
�
Rt Kidney  10.70 ± 0.76 203.26 ± 38.60
Both kidney  10.80 ± 0.69 205.15 ± 37.13
*p < 0.05 vs. Rt kidney length, 
�p < 0.05 vs. Rt kidney volume (± Data 
presentedare Mean ±SD).
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Fig. 1. Relationship of mean kidney length and mean kidney volume.
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Fig. 2. Distribution of CG-GFR according to kidney volume. CG-GFR, Cockcroft-
Gault-glomerular filtration rate.
DISCUSSIONlength was underestimated in our study. 
Our results on the relationship between the kidney volume
and body parameters are consistent with those of previous
reports.
15 Both kidney volume and kidney length were
significantly correlated to all body indexes, but the former
showed a relatively greater correlation. We also evaluated the
predictability of kidney volume and kidney length to renal
function, by using the CG equation which is regarded as accurate
and less biased equation to estimate GFR in healthy adults.
18,19
The result showed that the kidney volume predicted the renal
function significantly, whereas the kidney length did not.
Limitation of this study is that we couldn’t compare the
kidney volume with real size of kidney. However, it is already
proved that contiguous CT slice examination is an objective
and reliable method to measure the kidney volume.
20,21 In
addition, compared to conventional spiral CT, MDCT produces
more fine slices, which can minimize disparity between real
size and measured size. Recently, a new software and method
of processing 3-D reconstruction images have been developed
by using MDCT. This is expected to make measurement of
organ volume by using CT more convenient and easier.
22,23
In conclusion, kidney volume is more reliable index of
kidney size than kidney length, and measurement of kidney
volume with MDCT is useful method. Hence, MDCT facili-
tates measurement of kidney volume and enables us to use it in
clinical field. 
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